Abstract: The work shows the principles and techniques that were the base of conceiving the control equipment to drive the robot mechanism, to align the video camera used for the checking of the pipe and the way of taking over the video images on a computer. The driving of the robot moving system is done by means of direct current electric motors. The power supply and the robot's controls are provided by means of an electric cable. The positioning of the video camera in the field of images taking is done by operator through a joystick. The human operator can monitor the position of the video camera by means of an indicator optic system realized with LED. The video images loaded in a computer memory have attached information about the pipe visited, the robot position into the pipe, data, the hour of inspection and will make reports about the sewer pipes state.
INTRODUCTION
The robot is intended to check the sewer pipes on maximal lengths of 50 m. The diameters of the pipes can be included between 300 mm and 1000 mm.
The robot has been conceived and experienced within a national research program in Romania.
The driving of the robot moving system is done by means of direct current electric motors, mechanical reducers and electromagnetic couplers. The power supply and the robot's controls are provided by means of an electric cable that connects the robot in the pipe at the control and supply board. The signal of the video camera is brought by a separate cable at the video capture plate in the images processing computer.
The moving ahead and back of the robot through the pipe can be done with normal or reduced speed. By controlling the motors and electromagnetic couplers the robot can move, can stay in a firm position, or in case of disturbance, the recover from pipe can be allowed by dragging.
The positioning of the video camera in the field of image taking is done by operator through a joystick by which one remotes control the alignment device of the video camera on two freedom degrees, having as reference the horizontal plane, reference secured by means of a gyroscope system. The human operator can monitor the position of the video camera by means of an optical indicator system realized with LED's. It is able to indicate the alignment of the camera in any of the four scales, on any axle, or in the origin of the coordinates system. The control sequence automatic machine of the optical system is synthesized using specific procedures.
The position of the video camera is defined by means of arresting devices. These are located, in order to detect its extreme allowed positions. There are also two sensitive devices (detectors) that settle the positioning on the axle of the pipe.
The video camera can be aligned self-acting on the pipe's axle, (in the origin of the axles) by an independent action.
ROBOT'S COMPONENT PARTS
The robot for sewer pipes inspection has the following important components ( fig. 1): A. Inspection robot A1. The video head mechanism, on which are placed, the video camera, the light bulb for lightning the area of image retrieving, and the DC motors for rotating the video camera in horizontal and vertical plane and the positioning micro-switches.
A2. The moving ahead and back mechanism of the robot into the pipe.
B. Control and instrument board C. Robot's connection cable to the Control and instrument board rolled on a winch. D. Control panel on which is placed the joystick for video head orientation.
E. Portable computer (laptop). F. Video capture system (Video capture card of retrieved images from the interior of the pipes).
G. Power generator. Electrical connections between the components are done thru the electric wiring.
The transportation of the robot to the inspection area is made with a specially designed vehicle. The control and instrument board and the control panel will be used from the inside of the vehicle.
AUTOMATIC CONTROL SYSTEM OF THE ROBOT
The automatic control system of the robot is composed of:
-Command equipment (placed in the control and instrument board); -Data measuring and acquisition system (placed in the control and instrument board); -Position transducers of the robot and video head mechanism (placed in the robot); -Temperature and humidity sensors (placed in the robot); -Working elements for moving mechanism of the robot and video camera positioning mechanism. For the operator's ease of use we've made the control panel separately from the control and instrument board; The joystick and the optical system with LED's for showing the video camera position, are placed both on a small mobile control panel linked to the control and instrument board thru a cable.
Block Diagram
Block diagram of the automatic control system is presented in figure 2 . The diagram is organized to pointout the main automation equipment which is data acquisition and control system [1, 2, 3] . The system is made with a microcontroller with input and output interfaces to which the devices of the robot are connected, manual control and also the computer for image retrieving and storing.
Placing of the diagram components is the following: -The microcontroller for data acquisition and process control in the control and instrument board; -Command buttons, command keys, the joystick, in the control panel; -Optical signaling of robot's state and indication of the video head position, , in the control panel and in control and instrument board; -Motors for robot movement, and electromagnetic clutches, on the robot's moving mechanism; -Motors for video camera positioning, logical sensors and halogen light bulb in the video head mechanism. Video camera is connected to the video capture system [3, 4] , connected to the computer thruough a special cable. This cable is separated from the electrical multi wiring cable which provides the electrical power and linkage to the control commands of the sewerage pipes inspection robot the two cables are fixed together and are rolled on the same drum.
Operation
In figure 3 is presented an assemble picture of the robot together with the Control panel on which the experiments were made.
The operation of the automation control system is independent from the operation of the video camera, of the capture system and the computer [2, 3] . Taking into account the operation conditions of the robot (along the sewerage pipes), Electrical power of 230V, 50Hz is obtained from a portable power generator or, when it's possible from the low voltage networks of the energetic system.
The inspection robot is introduced manually into the pipe and after that the robot is adapted to the dimensions of the pipe [2, 6] . This moment, the robot is able to move in the sewer pipe with the electrical motors.
The operator watches on the computer monitor the retrieved images and proceeds to operate the robot into the pipe, or to the positioning the video camera by necessity. Going forward and backward can be done with low speed or high speed.
Positioning of the video camera is done with 2 direct current motors. The system has 2 Degrees of freedom in which the local horizontal plane is obtained by means of a gyroscopic system and which is the reference plane [6, 7] .
To easily orient the video camera in the retrieving area, the operator has an optical system with LED's that indicates the position of the video head [2, 3, 5] . The indicated position is in the X-Y plane explored by the video camera.
If the robot gets damage in the pipe, it can be dragged manually, after the clutches have been released from the moving mechanism.
The software for processing and storing the retrieved images from the pipe is default, from the moment the operator initiates the inspection [4, 5] .
Implementing the logical program
Automatic control system was designed starting from the functional requirements. The set of logical equations was planned after watching the process to be programmed [1, 5] ; the program was written in microcontroller level. Here have been designed the acquisition and measuring system of length advance of the robot in the pipe, temperature, and humidity from within the pipe [3, 4] . In this phase of the work the protocol of data acquisition and command is done on separate lines in simplex system. The program takes care for the self testing of the system, while in operation.
ACQUISITION AND PROCESSING OF IMAGES
Acquisition and processing system has an added feature of marking in real time the inspection's main data retrieved from the acquisition and measuring system [3, 4] .
CONCLUSIONS
Experimental results obtained during tryouts indicate that it is necessary to include in the processes of inspection of the sewerage pipes the implementation of the robot from installation of the pipes and during the life of exploitation.
Although the cable link allows salvaging the robot in case of malfunction, this method is limiting the inspection distance and makes difficult robot operation during winter because of the high rigidity of the cable. Currently it is under study another design of a wireless robot with autonomous power source.
